INTRODUCTION
Iodine-127 (spin-5/2, 100% natural abundance) has been extensively studied over the past 50 years by nuclear quadrupole resonance (NQR) spectroscopy [1, 2] . However, most iodine-containing compounds are inaccessible by nuclear magnetic resonance (NMR) because of the prohibitively large 127 I quadrupole interactions. For example, it is common to have compounds where the 127 I quadrupole coupling constant (QCC), e 2 qQ/h, is on the order of 1000-3000 MHz [1, 2] . A very limited number of solution 127 I NMR studies are available in the literature, the majority of which deal with symmetrical species such as I − and IO − 4 [3, 4] . The first solid-state 127 I NMR study was the early work of Watkins and Pound on a single crystal of KI [5] . Subsequently, a small number of solid-state 127 I NMR studies have been reported [6] [7] [8] [9] [10] [11] . Recently, Harbison and his co-workers demonstrated the utility of two-dimensional zero-field 127 I NMR [12] . The quadrupole interaction at the 127 I nucleus may also be detected indirectly from NMR spectra of a neighboring spin-1/2 nucleus [13] . Among all previous solid-state 127 I NMR studies, the most peculiar results are those in the paper by Segel and Vyas [8] , who reported astonishingly large values of 127 I chemical shift anisotropy (CSA) for seemingly symmetrical species. For example, the span of the 127 I chemical shift tensor, = δ 11 − δ 33 , for solid sheelite NaIO 4 was reported to be 59,000 ppm [8] 6 , respectively. The reactions were carried out at room temperature. In each reaction, the precipitate product was filtrated, washed with cold water, and dried. HIO 4 was prepared by dehydration of H 5 IO 6 at 100
• C under vacuum for 5 h.
Solid-state NMR. Solid-state 127 I NMR spectra were recorded on a Bruker Avance-500 spectrometer operating at 500.13 and 100.36 MHz for 1 H and 127 I nuclei, respectively. Polycrystalline samples were packed into zirconium oxide rotors (4 mm o.d.). For static experiments, an echo sequence employing two 90
• pulses was used:
, where φ 1 = x x x x y y y y −x −x −x −x −y −y −y −y; φ 2 = 4 × (x y −x −y); φ 3 = −y y −y y −x x −x x y −y y −y x −x x −x. Typical delays between the two pulses in the half-echo and whole-echo experiments were 30 and 400 µs, respectively. The RF strength at the 127 I frequency was approximately 80 kHz. All stationary 127 I NMR spectra were recorded with a fast ADC (12 bit) which gives a maximum sweep width of 4 MHz. Recycle delays were ranged from 5 to10 s. A solid sample of NaI was used for RF power calibration and for 127 I chemical shift referencing, δ (solid NaI) = 0 ppm.
RESULTS AND DISCUSSION
127 I quadrupole coupling constant. The stationary 127 I NMR spectra of solid periodates (MIO 4 , M = NH + 4 , Rb + , K + , and Na + ) are shown in Fig. 1 . Each of the spectra exhibits a typical lineshape arising from second-order quadrupole interactions. The total linewidth varies from approximately 30 kHz for NH 4 IO 4 to over 0.6 MHz for NaIO 4 ! As seen from Fig. 1 , all four spectra exhibit features characteristic of an axially symmetric electric field gradient (EFG) at the 127 I nucleus. All four periodates belong to the sheelite structure where the iodine atom is at a site of 4 symmetry [15] . The observation of axially symmetric EFGs at the 127 I nucleus in these compounds is in agreement with the crystallographic symmetry present in the sheelite structure. In such circumstances, analysis of the observed 127 I NMR spectra is straightforward. Figure 2 shows the results for NH 4 The whole-echo experiment. It is generally quite difficult to obtain undistorted wide-line NMR spectra. Very often an echo sequence must be used to avoid spectral distortion [20] . If the intrinsic spin-spin relaxation time (T 2 ) of the sample is long, it is more advantageous to record the whole echo rather than only the half echo. As demonstrated by Massiot et al. [21] , if the whole echo is detected, the signal-tonoise ratio in the resultant spectrum can be improved by a factor of 2 1/2 . Figure 3 shows the two different types of 127 I free induction decay (FID) signals for NaIO 4 . Figure 3A was obtained with a relatively short delay, τ = 30 µs, between the two pulses. The resultant FID exhibits an echo whose maximum intensity appears at t = τ = 30 µs. As shown in Fig. 3B , when the delay is increased to τ = 380 µs, the echo still appears at t = τ. However, since τ is much longer than the apparent T 2 , the whole echo can be observed. Figure 3C shows the direct FT of the whole-echo FID. The obvious spectral distortion is due to the fact that the echo maximum is not at t = 0. To obtain an undistorted spectrum, one simply applies first-order phase correction, which is equivalent to a shift in the time domain. The corrected spectrum is shown in Fig. 3D . The main advantage of the whole-echo approach is to increase sensitivity and reduce spectral distortion.
Using the whole-echo approach, we also obtained the 127 I NMR spectrum for solid HIO 4 . As shown in Fig. 4 , the 127 I NMR spectrum covers a frequency range of approximately 1 MHz. Spectral simulations yield that QCC = 43.0 MHz, η = 0 75, and δ iso = 3300 ppm. The spectral distortion at the low-frequency end of the spectrum is presumably due to a lower excitation efficiency which is a common problem for observing very wide NMR spectra. The chemical shift for HIO 4 is clearly more shielded than those for periodates. However, the crystal structure of HIO 4 appears to be unavailable in the literature.
Chemical shift anisotropy. As mentioned earlier, in contrast to the report of Segel and Vyas [8] , we have found that the span of the 127 I chemical shift tensor is negligibly small in sheelite periodates (span < 50 ppm). In order to accurately determine any CSA, it is desirable to find a sample whose 127 I QCC is reasonably small. Interestingly, the 127 I QCC in pseudo-scheelite CsIO 4 was reported to be quite small at room temperature [22] . The 127 I magic-angle-spinning (MAS) NMR spectrum of CsIO 4 is shown in Fig. 5 . From the observed satellite manifold, we estimated that QCC = 1.0 MHz, which is in excellent agreement with a previous determination [22] . This compound may represent an ideal system for detecting small 127 I CSA. The static 127 I central-transition NMR spectrum of CsIO 4 is shown in Fig. 6 . Figures 6A and 6B show the simulated 127 I NMR spectra with QCC = 1.00 MHz but different line-broadening treatment. It can be seen that the resultant lineshape (Fig. 6B ) is symmetric and much narrower than the observed one shown in Fig. 6D . To reproduce the observed asymmetric feature in the stationary 127 I spectrum, it is necessary to include a small 127 I chemical shift tensor: δ 11 = δ 22 = 3978 ± 2 and δ 33 = 3960 ± 2 ppm. The span of this chemical shift tensor is only 18 ppm and represents an upper limit for the 127 I CSA in solid CsIO 4 . This further confirms that the 127 I CSA for periodate ions must be negligibly small. 4 . We have demonstrated the utility of various NMR techniques such as half-echo, whole-echo, and MAS in obtaining high-quality 127 I NMR spectra for solid samples. The present study has also demonstrated that the utility of modern high-field NMR techniques has made detection of very wide NMR spectra possible.
CONCLUSIONS

